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(67)  An abnormality detection apparatus calculates
an accomplishment ratio parameter based on an actually
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of electrical power actually supplied to the electrically
heated catalyst over a specific period from the start of
supply of electrical power to the electrically heated cat-
alyst to a specific time and a target electrical energy de-
fined as the integrated value of target electrical power
over the specific period. The accomplishment ratio pa-

[Fig. 1]

rameter is a parameter relating to the ratio of the actually
supplied electrical energy to the target electrical energy.
The abnormality detection apparatus detects an abnor-
mality of the electrically heated catalyst on the basis of
the accomplishment ratio. The specific time is a time after
the start of supply of electrical power to the electrically
heated catalyst and before or simultaneous with the time
when the actually supplied electrical power substantially
reaches the target electrical power.
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Description
BACKGROUND OF THE INVENTION
Technical Field

[0001] The presentinvention relates to an abnormality
detection apparatus for an electrically heated catalyst.

Description of the Related Art

[0002] There are known exhaust gas purification ap-
paratuses for internal combustion engines that include
an exhaust gas purification catalyst adapted to be heated
by a heating element that is energized electrically. Such
a catalyst will also be referred to as "electrically heated
catalyst" hereinafter. The electrically heated catalyst of
such an exhaust gas purification apparatus for aninternal
combustion engine is energized (or supplied with elec-
trical power) before the startup of the internal combustion
engine to reduce exhaust emissions during and/or just
after the startup of the internal combustion engine.
[0003] If the electrically heated catalyst has an abnor-
mality or problem, there may be cases where it is not
heated to an intended temperature even if a normal
amount of electrical energy is supplied to it. It is known
to detect an abnormality of an electrically heated catalyst
by comparing the integrated value of electrical power ac-
tually supplied to the electrically heated catalyst (which
will be hereinafter referred to as "actual electrical power")
and the integrated value of a standard electrical power
(see, for example, Patent Literature 1 in the citation list
below).

Citation List
Patent Literature

[0004] Patent Literature 1: Japanese Patent Applica-
tion Laid-Open No. 2000-220443

SUMMARY OF INVENTION
Technical Problem

[0005] In cases where the base material of the heating
element of the electrically heated catalyst is a material
whose electrical resistance decreases with rise of tem-
perature (namely, a material having NTC characteris-
tics), such as SiC, there is a possibility that the accuracy
of abnormality detection may be deteriorated due to in-
fluence of the temperature of the heating element on the
actual electrical power. In particular, at high tempera-
tures, where the electrical resistance of the heating ele-
ment is low, the current that flows in the electrically heat-
ed catalyst per unit time tends to be large. Then, even if
the electrically heated catalyst has an abnormality, the
difference between the actual electrical power and the
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standard electrical power may decrease to make the dif-
ference between integrated value of the actual power
and the integrated value of the standard electrical power
small. This may make it difficult to detect an abnormality
of the electrically heated catalyst with high accuracy.
[0006] The present invention has been made in the
above circumstances, and an object of the present in-
vention is to provide a technology that enables accurate
detection of abnormalities of electrically heated catalysts
provided with a heating element having NTC character-
istics.

Solution to Problem

[0007] To solve the above problem, an abnormality de-
tection apparatus for an electrically heated catalyst ac-
cording to the present invention detects an abnormality
of the electrically heated catalyst on the basis of an ac-
complishment ratio defined as a ratio of an actually sup-
plied electrical energy to a target electrical energy. The
actually supplied electrical energy is defined as the inte-
grated value of electrical power actually supplied to the
electrically heated catalyst over a specific period from
the start of supply of electrical power to the electrically
heated catalyst to a specific time. The specific time is a
time after the start of supply of electrical power to the
electrically heated catalyst and before or simultaneous
with the time when the actually supplied electrical power
substantially reaches the target electrical power.

[0008] More specifically, an abnormality detection ap-
paratus for an electrically heated catalyst according to
the present invention comprises: an electrically heated
catalyst provided in an exhaust passage of an internal
combustion engine, including an exhaust gas purification
catalyst and a heating element that generates heat when
supplied with electrical power, the electrical resistance
of the heating element being larger when its temperature
is low than when itis high; an electrical power supply unit
configured to adjust an applied voltage defined as a volt-
age applied to the electrically heated catalyst in such a
way as to make the electrical power as the product of the
applied voltage and a catalyst current defined as the elec-
trical current flowing through the electrically heated cat-
alyst per unit time equal to a target electrical power to be
supplied to the electrically heated catalyst and to adjust
the applied voltage to a voltage substantially equal to a
specific upper limit voltage when the electrical power that
can be supplied to the electrically heated catalyst by ap-
plying a voltage equal to or lower than the specific upper
limit voltage is lower than the target electrical power; a
first calculation unit configured to calculate an actually
supplied electrical energy defined as the integrated value
of the electrical power actually supplied to the electrically
heated catalyst over a specific period from the time when
the application of the applied voltage to the electrically
heated catalyst by the electrical power supply unitis start-
ed to a specific time; a second calculation unit configured
to calculate a target electrical energy defined as the in-
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tegrated value of the target electrical power over the spe-
cific period; a third calculation unit configured to calculate
an accomplishment ratio parameter relating to the ratio
of the actually supplied electrical energy calculated by
the first calculation unit to the target electrical energy
calculated by the second calculation unit; and a detection
unit configured to detect an abnormality of the electrically
heated catalyst on the basis of the accomplishment ratio
parameter calculated by the third calculation unit. The
specific time set in the abnormality detection apparatus
for an electrically heated catalyst is a time after the time
when the application of the applied voltage to the elec-
trically heated catalyst by the electrical power supply unit
is started and before or simultaneous with the time when
the actually supplied electrical power substantially reach-
es the target electrical power.

[0009] When the temperature of the electrically heated
catalyst (or exhaust gas purification catalyst) provided in
a vehicle is low, as is the case when the internal com-
bustion engine of the vehicle is cold-started, the electrical
power supply unit applies a voltage (supplies electrical
power) to the electrically heated catalyst before the star-
tup of the internal combustion engine to cause a heating
element to generate heat, thereby preheating the ex-
haust gas purification catalyst. In this process, the elec-
trical power supply unit controls the applied voltage in
such away as to make the electrical power as the product
of the voltage applied to the electrically heated catalyst
(which will be referred to as "applied voltage") and the
current flowing through the electrically heated catalyst
per unit time (which will be referred to as "catalyst cur-
rent") equal to a target electrical power to be supplied to
the electrically heated catalyst (namely, a target value of
the electrical power to be supplied to the electrically heat-
ed catalyst). The target electrical power is a constant
value that is set taking account of factors such as the
structure and performance of a device(s) used to supply
electrical power to the electrically heated catalyst (e.g. a
battery, a generator, and/or a DC-to-DC converter)
and/or the temperature of the electrically heated catalyst
at the time when the supply of electrical power is started.
[0010] When the electrically heated catalyst (or its
heating element) has NTC characteristics, the electrical
resistance of the electrically heated catalyst tends to be
larger when its temperature is low than when it is high.
In consequence, when the temperature of the electrically
heated catalyst is relatively low, the electrical resistance
of the electrically heated catalyst is relatively large. This
is generally the case just after the start of the supply of
electrical power to the electrically heated catalyst. The
voltage that can be applied to the electrically heated cat-
alyst has a certain upper limit that is determined by the
structure and performance of the device(s) used to sup-
ply electrical power to the electrically heated catalyst.
Therefore, when the electrical resistance of the electri-
cally heated catalyst is large due to its low temperature
(because of NTC characteristics of the electrically heated
catalyst), the applied voltage is limited to the aforemen-
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tioned upper limit, leading to insufficient catalyst current.
This is generally the case just after the start of the supply
of electrical power to the electrically heated catalyst.
Therefore, in a period just after the supply of electrical
power to the electrically heated catalyst is started, the
electrical power actually supplied to the electrically heat-
ed catalyst (which will be referred to as the actual elec-
trical power) is smaller than the target electrical power.
As the supply of electrical power to the electrically heated
catalyst continues, the temperature of the electrically
heated catalyst rises, and the electrical resistance of the
electrically heated catalyst decreases accordingly, mak-
ing the catalyst current larger. When the temperature of
the electrically heated catalyst rises to a certain temper-
ature during the supply of electrical power to the electri-
cally heated catalyst, the actual electrical power supplied
to the electrically heated catalyst becomes substantially
equal to the target electrical power, even though the ap-
plied voltage is limited below the upper limit. Thus, the
cleaning performance of the electrically heated catalyst
during and just after the startup of the internal combustion
engineis enhanced evenifthe electrically heated catalyst
has NTC characteristics.

[0011] If an abnormality such as oxidation of the heat-
ing element or electrodes or a crack thereof occurs, there
is a possibility that the electrical resistance of the elec-
trically heated catalyst may become larger than that in
the normal condition. When this is the case, the difference
between the actual electrical power and the target elec-
trical power tends to be large, possibly making it difficult
to preheating the electrically heated catalyst effectively
in a limited time before the startup of the internal com-
bustion engine. Therefore, it is necessary to detect such
an abnormality with high accuracy.

[0012] Asdescribed above, inthe case where the elec-
trically heated catalyst (or its heating element) has NTC
characteristics, the electrical resistance of the electrically
heated catalyst is smaller when temperature of the elec-
trically heated catalyst is high than when it is low, and
the actual electrical power supplied to the electrically
heated catalyst is larger accordingly. Therefore, if the
supply of electrical power to the electrically heated cat-
alyst continues to some extent, the electrical resistance
of the electrically heated catalyst decreases with rise of
the electrically heated catalyst, and consequently the ac-
tual electrical power can increase to substantially reach
the target electrical power, even if the electrically heated
catalyst has an abnormality. After the actual electrical
power has increased to substantially reach the target
electrical power, the ratio of the actually supplied electri-
cal energy to the target electrical energy can be high,
even if the electrically heated catalyst has an abnormal-
ity. This ratio will also be referred to as the accomplish-
ment ratio hereinafter.

[0013] The abnormality detection apparatus according
to the present invention detects an abnormality of the
electrically heated catalyst on the basis of the accom-
plishment ratio at the specific time after a lapse of a pre-



5 EP 3 683 416 A1 6

determined period of time since the start of supply of
electrical power to the electrically heated catalyst. The
specific time is set as a time after the time when the ap-
plication of the applied voltage to the electrically heated
catalyst is started and before or simultaneous with the
time when the actually supplied electrical power substan-
tially reaches the target electrical power. As above, the
abnormality detection apparatus is configured to perform
abnormality detection of the electrically heated catalyst
on the basis of the accomplishment ratio at a time when
the temperature of the electrically heated catalyst is rel-
atively low, in other words, when the difference between
the actual electrical power and the target electrical power
attributable to an abnormality of the electrically heated
catalysttends to be large. Therefore, the abnormality de-
tection apparatus according to the present invention is
capable of detecting an abnormality of the electrically
heated catalyst with high accuracy.

[0014] The aforementioned specific time may be set
to the time when the actual electrical power substantially
reaches the target electrical power after the start of sup-
ply of electrical power to the electrically heated catalyst.
This is because the difference between the accomplish-
ment ratio with the electrically heated catalystin a normal
condition and that with the electrically heated catalyst in
an abnormal condition tends to be larger at the time when
the actual electrical power substantially reaches the tar-
get electrical power than at times before that. Therefore,
the abnormality detection apparatus according to the
present invention is capable of detecting an abnormality
of the electrically heated catalyst with improved accura-
cy.

[0015] The third calculation unit according to the
present invention may calculate a supplied electrical en-
ergy ratio defined as the ratio of the actually supplied
electrical energy to the target electrical energy as the
accomplishment ratio parameter. In this case, the detec-
tion unit may determine that the electrically heated cat-
alyst is abnormal if the supplied electrical energy ratio
calculated by the third calculation unit is lower than a
predetermined ratio.

[0016] Asdescribed above, the electrical resistance of
the electrically heated catalyst is larger when the electri-
cally heated catalyst is abnormal than when it is normal.
In consequence, the supplied electrical energy ratio is
smaller when the electrically heated catalyst is abnormal
than when it is normal. The supplied electrical energy
ratio with the electrically heated catalyst in an abnormal
condition tends to be smaller before the time when the
actual electrical power substantially reaches the target
electrical power than after that time. Therefore, if the ab-
normality detection apparatus performs detection of an
abnormality of the electrically heated catalyst by com-
paring the supplied electrical energy ratio at the afore-
mentioned specific time with the predetermined ratio, the
abnormality detection apparatus can determine whether
the electrically heated catalystis normal or abnormal with
high accuracy. The predetermined ratio mentioned
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above is such a ratio that if the supplied electrical energy
ratio at the aforementioned specific time is smaller than
the predetermined ratio, it may be determined that the
electrically heated catalyst is abnormal. In other words,
the predetermined ratio is such a ratio that if the supplied
electrical energy ratio at the aforementioned specific time
is smaller than the predetermined ratio, it is difficult to
preheat the electrically heated catalyst effectively.
[0017] The accomplishmentratio parameter according
tothe presentinvention is not limited to the supplied elec-
trical energy ratio. For example, the value used as the
accomplishment ratio parameter may be a supplied elec-
trical energy difference defined as the difference between
the actually supplied electrical energy calculated by the
first calculation unit and the target electrical energy cal-
culated by the second calculation unit.

Advantageous Effects of Invention

[0018] The present invention enables an abnormality
detection apparatus to accurately detect an abnormality
of an electrically heated catalyst provided with a heating
element having NTC characteristics.

BRIEF DESCRIPTION OF DRAWINGS
[0019]

Fig. 1 is a diagram illustrating the general configu-
ration of a vehicle to which the present invention is
applied.

Fig. 2 is a diagram illustrating the general configu-
ration of an electrically heated catalyst (EHC).

Fig. 3 is a graph illustrating relationship between the
soak time and the bed temperature Tcat.

Fig. 4 illustrates changes of the actual electrical pow-
er Wr, the actually supplied electrical energy >Wr,
and the bed temperature Tcat of a catalyst carrier
with time during a period from the start to the end of
supply of electrical energy to the EHC.

Fig. 5 is a graph illustrating relationship between the
bed temperature Tcat of the catalyst carrier and the
electrical resistance Rcat of the EHC.

Fig. 6illustrates changes of the actual electrical pow-
er Wr, the actually supplied electrical energy Wr,
and the supplied electrical energy ratio Prw with time
in a case where preheating is performed when the
EHC has an abnormality.

Fig. 7 is aflow chart of a processing routine executed
by the ECU in an abnormality detection process ac-
cording to an embodiment.

DESCRIPTION OF EMBODIMENTS

[0020] In the following, a specific embodiment of the
present invention will be described with reference to the
drawings. The dimensions, materials, shapes, relative
arrangements, and other features of the components that
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will be described in connection with the embodiments are
not intended to limit the technical scope of the present
invention only to them, unless otherwise stated.

<Embodiment>

[0021] Fig. 1 is a diagram illustrating the general con-
figuration of a vehicle to which the present invention is
applied. The vehicle 100 illustrated in Fig. 1 is provided
with a hybrid system that drives wheels (driving wheels)
58. The hybrid system includes an internal combustion
engine 1, a power split device 51, an electric motor 52,
a generator 53, a battery 54, a power control unit (PCU)
55, an axle (or drive shaft) 56, and a reduction gear 57.
[0022] The internal combustion engine 1 is a spark-
ignition internal combustion engine (or gasoline engine)
having a plurality of cylinders 1a. The internal combustion
engine 1 has ignition plugs 1b, each of which ignites air-
fuel mixture formed in each cylinder 1a. While the internal
combustion engine 1 illustrated in Fig. 1 has four cylin-
ders, the present invention may be applied to internal
combustion engines having less or more than four cylin-
ders. Alternatively, the internal combustion engine 1 may
be a compression-ignition internal combustion engine (or
diesel engine). The output shaft (or crankshaft) of the
internal combustion engine 1 is connected to the rotary
shaft of the generator 53 and the rotary shaft of the elec-
tric motor 52 through the power split device 51.

[0023] The rotary shaft of the generator 53 is connect-
ed to the crankshaft of the internal combustion engine 1
through the power split device 51 and generates electri-
cal power mainly using the kinetic energy of the crank-
shaft. The electric motor 53 can also function as a starter
motor by rotating the crankshaft through the power split
device 51 when starting the internal combustion engine
1. The electrical power generated by the generator 53 is
supplied to the electric motor 52 or stored in the battery
54 by the PCU 55.

[0024] The rotary shaft of the electric motor 52 is con-
nected to the axle 56 through the reduction gear 57 and
capable of rotating the wheels 58 using the electrical pow-
er supplied from the battery 54 or the generator 53
through the PCU 55. The rotary shaft of the electric motor
52 is connected to the power split device 51 also, and
the electric motor 52 is capable of assisting the internal
combustion engine 1 in rotating the wheels 58.

[0025] The power split device 51 includes a planetary
gear device. The power split device 51 splits power
among the internal combustion engine 1, the electric mo-
tor 52, and the generator 53. For example, the power
split device 51 control the travelling speed of the vehicle
100 by causing the electric motor 52 to operate with con-
trolled power generated by the generator 53 while caus-
ing the internal combustion engine 1 to operate in the
most efficient operation range.

[0026] ThePCU 55includesaninverter, a step-up con-
verter, and a DC-to-DC converter. The PCU 55 converts
direct current power supplied from the battery 54 into
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alternating current power to supply it to the electric motor
52, converts the alternating current power supplied from
the generator 53 into direct current power to supply it to
the battery 54, transforms the voltage of power between
the inverter and the battery 54, and transforms the volt-
age of power supplied from the battery 54 to an electri-
cally heated catalyst (EHC) 2, which will be described
later.

[0027] The internal combustion engine 1 has fuel in-
jection valves (not shown) each of which injects fuel into
each cylinder 1a or intake port. Air-fuel mixture formed
by air and fuel injected through the fuel injection valve is
ignited by the ignition plug 1b and burns to generate ther-
mal energy, which is used to rotate the crankshaft.
[0028] The internal combustion engine 1 is connected
with an intake pipe 10. The intake pipe 10 delivers fresh
air taken in from the atmosphere to the cylinders of the
internal combustion engine 1. The intake pipe 10 is pro-
vided with an air flow meter 12 and a throttle valve 13.
The air flow meter 12 outputs an electrical signal relating
to the mass of the air supplied to the internal combustion
engine 1 (or intake air quantity). The throttle valve 13
varies the channel cross sectional area in the intake pipe
10 to control the intake air quantity of the internal com-
bustion engine 1.

[0029] The internal combustion engine 1 is also con-
nected with an exhaust pipe 11, through which burned
gas (orexhaustgas) burnedin the cylinders of the internal
combustion engine 1 flows. The exhaust pipe 11 is pro-
vided with an EHC 2 as an exhaust gas purification cat-
alyst. The EHC 2is provided with a heater that generates
heat by electrical current supplied to it. The exhaust pipe
11 is provided with an air-fuel ratio sensor (A/F sensor)
14 and a first exhaust gas temperature sensor 15, which
are arranged upstream of the EHC 2. The A/F sensor 14
outputs an electrical signal relating to the air-fuel ratio of
the exhaust gas. The first exhaust gas temperature sen-
sor 15 outputs an electrical signal relating to the temper-
ature of the exhaust gas flowing into the EHC 2. The
exhaust pipe 11 is also provided with a second exhaust
gas temperature sensor 16, which is arranged down-
stream of the EHC 2. The second exhaust gas temper-
ature sensor 16 outputs an electrical signal relating to
the temperature of the exhaust gas flowing out of the
ECH 2. Alternatively, the exhaust pipe 11 may be pro-
vided with only one of the first and second exhaust gas
temperature sensors 15, 16, in other words one of the
first and second exhaust gas temperature sensors 15,
16 may be eliminated.

[0030] An electronic control unit (ECU) 20 is provided
for the above-described hybrid system. The ECU 20 is
an electronic control unit including a CPU, a ROM, a
RAM, and a backup RAM.

[0031] The ECU 20 is electrically connected with the
air flow meter 12, the A/F sensor 14, the first exhaust gas
temperature sensor 15, the second exhaust gas temper-
ature sensor 16, and an accelerator position sensor. The
accelerator position sensor 17 outputs an electrical signal
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relating to the amount of depression of the accelerator
pedal (or accelerator opening degree).

[0032] The ECU 20 controls the internal combustion
engine 1 and its peripheral devices (such as the ignition
plugs 1b, the throttle valve 13, and the fuel injection
valves), the electric motor 52, the generator 53, the PCU
55, and the EHC 2 based on the signals output from the
aforementioned sensors. The ECU 20 may be divided
into an ECU that controls the hybrid system overall and
an ECU that controls the internal combustion engine 1
and its peripheral devices.

[0033] The general configuration of the EHC 2 will now
be described with reference to Fig. 2. The arrow in Fig.
2 indicates the direction of flow of exhaust gas. The EHC
2 includes a catalyst carrier 3 having a cylindrical shape,
an inner cylinder 6 having a cylindrical shape that covers
the catalysts carrier 3, and a cylindrical case 4 that covers
the inner cylinder 6. The catalyst carrier 3, the inner cyl-
inder 6, and the case 4 are arranged coaxially.

[0034] The catalyst carrier 3 is a structure having a
plurality of passages extending along the direction of ex-
haust gas flow and arranged in a honeycomb pattern.
The catalyst carrier 3 has a cylindrical outer shape. The
catalyst carrier 3 carries an exhaust gas purification cat-
alyst 31. The exhaust gas purification catalyst 31 may be
an oxidation catalyst, a three-way catalyst, an NOx stor-
age reduction (NSR) catalyst, a selective catalytic reduc-
tion (SCR) catalyst, or a combination of such catalysts.
The base material of the catalyst carrier 3 is a material
having a relatively high electrical resistance that increas-
es with rise of its temperature (namely, a material having
NTC characteristics) and functions as a heating element.
An example of such a material is a porous ceramic (e.g.
SiC).

[0035] Theinnercylinder 6 is an insulator with low con-
ductivity and high heat resistance (e.g. alumina or stain-
less steel coated with an insulation layer on its surface)
that is shaped as a cylinder. The inner cylinder 6 is di-
mensioned to have an inner diameter larger than the out-
er diameter of the catalyst carrier 3.

[0036] The case 4 is a housing made of a metal (e.g.
stainless steel) that houses the catalyst carrier 3 and the
inner cylinder 6. The case 4 has a cylindrical portion hav-
ing an inner diameter larger than the outer diameter of
the inner cylinder 6, an upstream conical portion joining
to the upstream end of the cylindrical portion, and adown-
stream conical portion joining to the downstream end of
the cylindrical portion. The upstream conical portion and
the downstream conical portion are tapered in such a
way that their inner diameters decrease as they extend
away from the cylindrical portion.

[0037] A cylindrical mat member 5 is press-fitted in the
gap between the inner circumference of the inner cylinder
6 and the outer circumference of the catalyst carrier 3,
and another mat member 5 is press-fitted in the gap be-
tween the inner circumference of the case 4 and the outer
circumference of the inner cylinder 6. The mat member
5 is made of a low-conductive insulating material that
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provides high cushioning (e.g. an inorganic fiber mat,
such as an alumina fiber mat).

[0038] The EHC 2 has two through-holes 9 that pass
through the case 4, the mat members 5, and the inner
cylinder 6. The through holes 9 are located at opposed
positions on the outer circumference of the case 4. Elec-
trodes 7 are provided in the respective through-holes 9.
Each electrode 7 includes a surface electrode 7a that
extends circumferentially and axially along the outer cir-
cumference of the catalyst carrier 3 and a stem electrode
7b that extends from the outer circumference of the sur-
face electrode 7a to the outside of the case 4 through
the through-hole 9.

[0039] A support member 8 is provided between the
case 4 and the stem electrode 7b in the through-hole 9
to support the stem electrode 7b. The support member
8 is adapted to stop the annular gap between the case
4 and the stem electrode 7b. The support member 8 is
made of an insulating material with low conductivity to
prevent short-circuit between the stem shaft 7b and the
case 4.

[0040] The stem electrodes 7b are connected to the
output terminals of the battery 54 through a power supply
control unit 18 and the PCU 55. The power supply control
unit 18 is a unit controlled by the ECU 20 and has the
functions of applying a voltage to the electrodes 7 from
the battery 54 through the PCU 55 (i.e. power supply to
the EHC 2), controlling the voltage applied to the EHC 2
(or applied voltage) from the battery 54 through the PCU
55, and sensing the current flowing between the elec-
trodes 7 of the EHC 2 per unit time (or catalyst current).
[0041] With the above configuration of the EHC 2,
when the power supply control unit 18 applies a voltage
from the battery 54 to the electrodes 7 through the PCU
55 to energize (in other words, supply electrical power
to) the EHC 2, the catalyst carrier 3 behaves as a resistor
to generate heat. In consequence, the exhaust gas pu-
rification catalyst 31 carried by the catalyst carrier 3 is
heated. Thus, if the EHC 2 is energized when the tem-
perature of the exhaust gas purification catalyst 31 is low,
it is possible to raise the temperature of the exhaust gas
purification catalyst 31 promptly. In particular, energizing
the EHC 2 before the startup of the internal combustion
engine 1 can reduce the exhaust emissions during and
just after the startup of the internal combustion engine 1.
[0042] Inthefollowing, amethod of controlling the EHC
2 according to the embodiment will be described. The
power supply control unit 18 is controlled in such a way
as to energize the EHC 2 if the internal combustion en-
gine 1is not operating and the temperature of the catalyst
carrier 3 is lower than a specific temperature (e.g. a tem-
perature at which the exhaust gas purification catalyst
31 carried by the catalyst carrier 3 is made active) while
the hybrid system is in an activated state (that is, a state
in which the system can drive the vehicle).

[0043] Specifically, when the hybrid system is activat-
ed, the ECU 20 firstly senses the state of charge (SOC)
of the battery 54. The SOC is the ratio of the amount of
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electrical energy that the battery 54 can discharge at
present to the maximum electrical energy that the battery
54 can store (namely, the electrical energy stored in the
fully-charged battery). The SOC is calculated by integrat-
ing the current charged into and discharged from the bat-
tery 54.

[0044] The ECU 20 determines the temperature of the
central portion of the catalyst carrier 3 at the time of ac-
tivation of the hybrid system. This temperature will also
be referred to as the "bed temperature" hereinafter. Spe-
cifically, the ECU 20 estimates the bed temperature at
that time on the basis of the bed temperature Tend at the
time when the operation of the internal combustion en-
gine 1 was stopped last time and the time elapsed from
the time when the operation of the internal combustion
engine 1 was stopped last time to the time of activation
of the hybrid system, namely the soak time.

[0045] Fig. 3 shows the relationship between the bed
temperature Tcat of the catalyst carrier 3 and the soak
time. After the operation of the internal combustion en-
gine 1 is stopped (at t0 in Fig. 3), the catalyst temperature
Tcat of the catalyst carrier 3 falls with time from the bed
temperature Tend at the time when the operation of the
internal combustion engine 1 is stopped last time. The
bed temperature Tcat of the catalyst carrier 3 decreases
to eventually become close to the ambient temperature
Tatm (att1in Fig. 3), and thereafter the bed temperature
Tcat is stable at a temperature equal to or close to the
ambient temperature Tatm. The system according to the
embodiment determines the relationship shown in Fig. 3
in advance by experiment or simulation and stores this
relationship in the ROM or other component of the ECU
20 as a map or a function expression that enables deter-
mination of the bed temperature at the time of activation
of the hybrid system from the bed temperature Tend at
the time of stopping of the operation of the internal com-
bustion engine 1 and the soak time as arguments. Alter-
natively, the bed temperature Tend at the time of stopping
of the operation of the internal combustion engine 1 may
be estimated from the measurement values of the first
exhaust gas temperature sensor 15 and/or the second
exhaust gas temperature sensor 16 immediately before
the stopping of the operation of the internal combustion
engine 1 or from the history of the previous operation of
the internal combustion engine 1.

[0046] Then, the ECU 20 determines whether or not
the bed temperature of the catalyst carrier 3 at the time
of activation of the hybrid system is lower than a specific
temperature. If the bed temperature of the catalyst carrier
3 at the time of activation of the hybrid system is lower
than the specific temperature, the ECU 20 calculates the
amount of electrical energy that is required to be supplied
to the EHC 2 to raise the bed temperature of the catalyst
carrier 3 to the specific temperature. This electrical en-
ergy will be referred to as the "standard amount of elec-
trical energy" hereinafter. The standard amount of elec-
trical energy calculated is larger when the bed tempera-
ture of the catalyst carrier 3 at the time of activation of
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the hybrid system is low than when it is high. Then, the
ECU 20 calculates a consumption SOCcom of the SCO
that will result if the standard amount of electrical energy
is supplied to the EHC 2. Then, the ECU 20 calculates
the remaining amount ASOC of the SOC by subtracting
the consumption SOCcom from the SOC at the time of
activation of the hybrid system (ASOC = SOC - SOC-
com). The ECU 20 determines whether or not the remain-
ing amount ASOC thus calculated is larger than a lower
limit. This lower limit is a value of SOC below which it is
considered necessary to charge the battery 54 by starting
the internal combustion engine 1.

[0047] If the remaining amount ASOC is larger than
the lower limit, the ECU 20 starts the supply of electrical
power to the EHC 2 at the time when the SOC becomes
equal to the sum of the consumption SOCcom and the
lower limit plus a margin. If the remaining amount ASOC
is larger than an amount that enables the vehicle 100 to
travel in the EV mode (the mode in which the vehicle 100
is driven by the electric motor 52 only) for a certain length
of time, the vehicle 100 may be driven only by the electric
motor 52 when a request for driving the vehicle 100 is
made, and the supply of electrical power to the EHC 2
may be started. The aforementioned "certain length of
time" is, for example, a length of time longer than the
length of time required to supply the standard amount of
electrical energy to the EHC 2.

[0048] When supplying electrical power to the EHC 2,
the ECU 20 sets a target value of electrical power (target
electrical power) to be supplied to the EHC 2. The target
electrical power is a constant value that is set taking ac-
count of factors such as the structure and performance
of the devices used to supply electrical power to the EHC
2 (e.g. the generator 53, the battery 54, and the PCU 55)
and/or the bed temperature of the catalyst carrier 3 at
the time of starting the supply of electrical power. The
ECU 20 controls the power supply control unit 18 in such
a way as to adjust the electrical power supplied to the
EHC 2 to the target electrical power. The electrical power
supplied to the EHC 2is the product of the voltage applied
to the electrodes 7 of the EHC 2 (which will be referred
to as "applied voltage") and the current flowing between
the electrodes 7 of the EHC 2 per unit time (which will be
referred to as the "catalyst current").

[0049] Fig. 4illustrates changes in the electrical power
actually supplied to the EHC 2 (which will be referred to
as "actual electrical power Wr" hereinafter), the integrat-
ed value of the actual electrical power (which will be re-
ferred to as "actually supplied electrical energy ZWr"),
and the bed temperature Tcat of the catalyst carrier 3
with time during the period from the start to the end of
the supply of electrical power to the EHC 2.

[0050] Asillustratedin Fig. 4, the actual electrical pow-
er Wr is lower than the target power Wtrg during the pe-
riod from the start of the supply of electrical power to the
EHC2(att10in Fig.4)totimet20in Fig. 4. Thisis because
the catalyst carrier 3 of the EHC 2 has NTC characteris-
tics and the voltage that can be applied to the EHC 2 is
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lower than a specific upper limit. Specifically, when the
catalyst carrier 3 has NTC characteristics, the electrical
resistance of the catalyst carrier 3 is larger when the bed
temperature Tcatof the catalyst carrier 3 is low than when
it is high, and accordingly the electrical resistance Rcat
of the EHC 2 overall including the catalyst carrier 3 and
the electrodes 7 (in other words, the electrical resistance
between the electrodes 7) is larger when the bed tem-
perature Tcat of the catalyst carrier 3 is low than when it
is high, as will be seen in Fig. 5. Therefore, when the bed
temperature Tcat of the catalyst carrier 3 is relatively low,
as is the case just after the start of the supply of electrical
power to the EHC 2, the electrical resistance Rcat of the
EHC 2is relatively large. The voltage that can be applied
to the EHC 2 has a design upper limit (specific upper limit
voltage) that is determined by the structure and perform-
ance of the device used to supply electrical power to the
EHC 2. Therefore, when the bed temperature Tcat of the
catalyst carrier 3 is relatively low, as is the case just after
the start of electrical power supply to the EHC 2, since
the electrical resistance Rcat of the catalyst carrier 3 is
relatively large because of its NTC characteristics, the
catalyst current will be unduly small even if the voltage
as high as the specific upper limit voltage is applied to
the EHC 2, resulting in actual electrical power Wr lower
than the target electrical power Wirg.

[0051] Asthe voltage as high as the upper limit voltage
continues to be applied to the EHC 2 during the period
from t10 to t20 in Fig. 4, the bed temperature Tcat of the
catalyst carrier 3 rises from the temperature TO at the
time of starting the supply of electrical power with time,
and the electrical resistance Rcatofthe EHC 2 decreases
with time consequently. In consequence, the catalyst cur-
rent increases with time, and the actual electrical power
Wr also increases with time accordingly. Eventually at
time t20 in Fig. 4, the electrical resistance Rcat of the
EHC 2 becomes so small that the actual electrical power
Wr under the application of the upper limit voltage to the
EHC 2 becomes substantially equal to the target electri-
cal power Wtrg. After time t20 in Fig. 4, it is possible to
keep the actual electrical power Wr substantially equal
to the target electrical power Wtrg by decreasing the volt-
age applied to the EHC 2 with time as the bed tempera-
ture Tcat of the catalyst carrier 3 rises with time, in other
words as the electrical resistance Rcat of the EHC 2 de-
creases with time. Specifically, the power supply control
unit 18 measures the catalyst current (i.e. the current
flowing between the electrodes 7 of the EHC 2 per unit
time) and adjusts the applied voltage (i.e. the voltage
resulting from transformation by the PCU 55) in such a
way as to make the product of the measured catalyst
current and the applied voltage (which is the actual elec-
trical power Wr) substantially equal to the target electrical
power Wtrg. When the actually supplied electrical energy
>Wr reaches the standard amount of electrical energy
>Whbase eventually (att40 in Fig. 4), the bed temperature
Tcat of the catalyst carrier 3 reaches the specific tem-
perature Ttrg. Then, the ECU 20 controls the power sup-
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ply control unit 18 to stop the supply of electrical power
to the EHC 2.

[0052] As above, if the standard amount of electrical
energy XWhbase is supplied to the EHC 2 before the star-
tup of the internal combustion engine 1, the catalyst car-
rier 3 and the exhaust gas purification catalyst 31 carried
by the catalyst carrier 3 are heated to or above the specific
temperature Ttrg. In consequence, the purification per-
formance of the exhaust gas purification catalyst 31 dur-
ing and just after the startup of the internal combustion
engine 1 is enhanced, leading to reduced exhaust emis-
sions. In the following, the above-described process of
preheating the exhaust gas purification catalyst 31 before
the startup of the internal combustion engine 1 will be
referred to as the "preheat process". The electrical power
supply unit according to the present invention is imple-
mented by controlling the applied voltage by the ECU 20
by means of the power supply controlunit 18 in the above-
described manner.

[0053] If an abnormality such as oxidation of the cata-
lyst carrier 3 or the electrodes 7 or a crack thereof occurs
in the EHC 2, there is a possibility that the electrical re-
sistance Rcat of the EHC 2 may become larger than that
of the EHC 2 in the normal condition. When this is the
case, the actual electrical power Wr becomes lower than
that in the normal condition, and consequently the time
(or power supply time) required to supply the standard
amount of electrical energy XWbase to the EHC 2 may
increase unduly. This may lead to difficulties in raising
the bed temperature Tcat of the catalyst carrier 3 to the
specific temperature Ttrg in a limited time before the star-
tup of the internal combustion engine 1.

[0054] Fig. 6 illustrates changes in the actual electrical
power Wr, the actually supplied electrical energy XWr,
and the ratio Prw of the actually supplied electrical energy
>Wr to a target electrical energy TWitrg with time in a
case where the preheat process is performed while an
abnormality like those mentioned above is occurring in
the EHC 2. The aforementioned ratio Prw will be herein-
after referred to as the "supplied electrical energy ratio".
In Fig. 6, the solid curves represent changes in the actual
electrical power Wr1, the actually supplied electrical en-
ergy XWr1, and the supplied electrical energy ratio Prw1
in a case where the EHC 2 has an abnormality. The dot-
dot-dash curves in Fig. 6 represent changes in the actual
electrical power Wr0, the actually supplied electrical en-
ergy 2Wr0, and the supplied electrical energy ratio PrwO
with time in a case where the EHC 2 is normal. The dot-
dash curves in Fig. 6 represent changes in the target
electrical power Wirg and the target electrical energy
>Wtrg with time.

[0055] InFig. 6, during the period from the start of pow-
er supply to the EHC 2 (at t10 in Fig. 6) to the time when
the actual electrical power Wr0 with the EHC 2 in the
normal condition substantially reaches the target electri-
cal power Witrg (t20 in Fig. 6), the actual electrical power
Wr0 with the EHC 20 in the normal condition is higher
than the actual electrical power Wr1 with the EHC 2 in
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the abnormal condition, while both the actual electrical
power Wr0 with the EHC 2 in the normal condition and
the actual electrical power Wr1 with the EHC 2 in the
abnormal condition disagree with the target electrical
power Wtrg. This is because the electrical resistance of
the EHC 2 is larger when the ECH 2 is abnormal than
whenitis normal. In consequence, during the period from
t10 to t20 in Fig. 6, the actually supplied electrical energy
>Wr0 with the EHC 2 in the normal condition is higher
than the actually supplied electrical energy Wr1 with the
EHC 2 in the abnormal condition, and the supplied elec-
trical energy ratio PrwO with the EHC 2 in the normal
condition is higher than the supplied electrical energy
ratio Pwr1 with the EHC 2 in the abnormal condition. Dur-
ing the period from the time when the actual electrical
power Wr0 with the EHC 2 in the normal condition sub-
stantially reaches the target electrical power Wtrg (120 in
Fig. 6) to the time when the actual electrical power Wr1
with the EHC 2 in the abnormal condition substantially
reaches the target electrical power Wtrg (20’ in Fig. 6),
while the actual electrical power Wr0 with the EHC 2 in
the normal condition is substantially equal to the target
electrical power Wtrg, the actual electrical power Wr1
with the EHC 2 in the abnormal condition is lower than
the target electrical power Wtrg. In consequence, the dif-
ference between the actually supplied electrical energy
>Wr0 with the EHC 2 in the normal condition and the
actually supplied electrical energy Wr1 with the EHC 2
in the abnormal condition increases with time during this
period. Accordingly, the difference between the supplied
electrical energy ratio PrwO with the EHC 2 in the normal
condition and the supplied electrical energy ratio Prw1
with the EHC 2 in the abnormal condition also increases
with time. After the time when the actual electrical power
Wr1 with the EHC 2 in the abnormal condition substan-
tially reaches the target electrical power Wtrg (120’ in Fig.
6), both the actual electrical power Wr0 with the EHC 2
in the normal condition and the actual electrical power
Wr1 with the EHC 2 in the abnormal condition are sub-
stantially equal to the target electrical power Wtrg, and
therefore the rate of increase (i.e. the increase per unit
time) of the actually supplied electrical energy ZWr0 with
the EHC 2 in the normal condition and the rate of increase
of the actually supplied electrical energy ZWr1 with the
EHC 2 in the abnormal condition are substantially equal.
On the other hand, the rate of increase of the supplied
electrical energy ratio Prw1 with the EHC 2 in the abnor-
mal condition is higher than the rate of increase of the
supplied electrical energy ratio PrwO with the EHC 2 in
the normal condition during this period. Therefore, after
the time when the actual electrical power Wr1 with the
EHC 2 in the abnormal condition substantially reaches
the target electrical power Wtrg (t20’ in Fig. 6), the differ-
ence between the supplied electrical energy ratio Prw0
with the EHC 2 in the normal condition and the supplied
electrical energy ratio Pwr1 with the EHC 2 in the abnor-
mal condition decreases with time. To summarize, the
difference between the supplied electrical energy ratio
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PrwO with the EHC 2 in the normal condition and the
supplied electrical energy ratio Pwr1 with the EHC 2 in
the abnormal condition tends to increase during the pe-
riod from the start of power supply to the EHC 2 (at t10
in Fig. 6) to the time when the actual electrical power Wr1
with the EHC 2 in the abnormal condition substantially
reaches the target electrical power Wtrg (20’ in Fig. 6)
and tends to decrease in the period after the time when
the actual electrical power Wr1 with the EHC 2 in the
abnormal condition substantially reaches the target elec-
trical power Wtrg (20’ in Fig. 6).

[0056] Inthis embodiment, detection of an abnormality
of the EHC 2 is performed based on the supplied elec-
trical energy ratio Prw at a specific time during the period
from the start of power supply to the EHC 2 to the time
when the actual electrical power Wr substantially reaches
the target electrical power Wirg. Specifically, if the sup-
plied electrical energy ratio Prw at the specific time is
lower than a predetermined ratio Pthre, it is determined
that the EHC 2 is abnormal. The predetermined ratio
Pthre mentioned above is a value of the supplied elec-
trical energy ratio Prw at the specific time below which it
may be determined that the EHC 2 is abnormal. In other
words, the predetermined ratio Pthre is such a ratio that
if the supplied electrical energy ratio Prw at the specific
time is lower than the predetermined ratio Pthre, it is dif-
ficult to preheat the EHC 2 effectively in a limited time
before the startup of the internal combustion engine 1.
The predetermined ratio Pthre is a value equal to the
supplied electrical energy ratio Prw with the EHC 2 in the
normal condition plus a margin that is set taking account
of aged deterioration and variations of the EHC 2. The
aforementioned specific time may be a time after the start
of the supply of electrical power to the EHC 2 and before
or simultaneous with the time when the actual electrical
power Wr substantially reaches the target electrical pow-
er Witrg. In view of the tendencies described above with
reference to Fig. 6, the difference between the supplied
electrical energy ratio PrwO with the EHC 2 in the normal
condition and the supplied electrical energy ratio Prw1
with the EHC 2 in the abnormal condition tends to be
largest at the time when the actual electrical power Wr1
with the EHC 2 in the abnormal condition substantially
reaches the target electrical power Wtrg (20’ in Fig. 6).
Therefore, if the aforementioned specific time is set to
the time when the actual electrical power Wr substantially
reaches the target electrical power Wtrg, the accuracy
of abnormality detection can be enhanced. For this rea-
son, the specific time is set to the time when the actual
electrical power Wr substantially reaches the target elec-
trical power Wtrg, in this embodiment.

(Process of Abnormality Detection)

[0057] In the following, a process of abnormality de-
tection according to the embodiment will be described
with reference to Fig. 7. Fig. 7 is a flow chart of a process-
ing routine performed by the ECU 20 in the abnormality
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detection according to the embodiment. The processing
routine according to the flow chart of Fig. 7 is executed
by the ECU 20 and triggered by the start of the above-
described preheat process. This processing routine is
stored in a ROM or the like of the ECU 20 in advance.
[0058] Firstly in step S101 of the processing routine
according to the flow chart of Fig. 7, the ECU 20 deter-
mines whether or not the preheat process has been start-
ed. If a negative determination is made in step S101, the
ECU 20 terminates the execution of this processing rou-
tine. If an affirmative determination is made in step S101,
the ECU 20 proceeds to the processing of step S102.
[0059] Instep S102,the ECU 20acquires atargetelec-
trical power Wirg set in the preheat process. The target
electrical power Wirg is a constant value that is set taking
account of the structure and performance of the device
used to supply electrical power to the EHC 2 and/or the
bed temperature Tcat of the catalyst carrier 3 at the time
when the supply of electrical power is started.

[0060] In step S103, the ECU 20 calculates the target
electrical energy ZWitrg. Specifically, the ECU 20 calcu-
lates the target electrical energy TWtrg by adding the
target electrical power Wtrg acquired by the processing
of step S102 to the previous value TWtrgold of the target
electrical energy (XWtrg = TWitrgold + Wirg). The target
electrical energy XWitrg is the integrated value of the tar-
get electrical power over the period from the start of the
supply of electrical power to the EHC 2 to the present
time. The second calculation unit according to the
present invention is implemented by the execution of the
processing of step S103 by the ECU 20.

[0061] In step S104, the ECU 20 acquires the voltage
Vehc applied to the electrodes 7 of the EHC 2 (applied
voltage) in the preheat process. Then, the ECU 20 pro-
ceeds to step S105, where the ECU 20 measures the
current (catalyst current) lehc flowing between the elec-
trodes 7 of the EHC 2 per unit time when the aforemen-
tioned applied voltage Vehc is applied to the electrodes
7 by the power supply control unit 18. In step S106, the
ECU 20 calculates the electrical power Wr actually sup-
plied to the EHC 2 (actual electrical power) as the product
of the applied voltage Vehc acquired by the processing
of step S104 and the catalyst current lehc measured by
the process of step S105 (Wr = Vehc*lehc).

[0062] Instep S107,the ECU 20 calculates the actually
supplied electrical energy ZWr. Specifically, the ECU 20
adds the electrical power Wr calculated by the processing
of step S 106 to the previous value ZWrold of the actually
supplied electrical energy to calculate the actually sup-
plied electrical energy ZWr, which is the integrated value
of the actual electrical power over the period from the
start of the supply of electrical power to the EHC 2 to the
present time. The first calculation unit according to the
present invention is implemented by the execution of the
processing of step S107 by the ECU 20.

[0063] In step S108, the ECU 20 determines whether
or not the actual electrical power WR calculated by the
processing of step S106 is higher than or equal to the
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target electrical power Wtrg acquired by the processing
of step S102. In cases where the specific time is set to
a time earlier than the time when the actual electrical
power Wr substantially reaches the target electrical pow-
er Wtrg, the ECU 20 may determine whether or not the
actual electrical power Wr calculated by the processing
of step S106 is higher than or equal to a predetermined
electrical power lower than the target electrical power
Wirg acquired by the processing of step S102. The pre-
determined electrical power in this case may be deter-
mined in advance by an experiment or simulation.
[0064] Ifanegative determinationis madeinstepS108
(Wr <Wtrg), the ECU 20 returns to the processing of step
S103. Ifan affirmative determinationis made in step S108
(Wr > Wtrg), the ECU 20 proceeds to the processing of
step S109.

[0065] In step S109, the ECU 20 calculates the sup-
plied electrical energy ratio Prw by dividing the actually
supplied electrical energy Wr calculated by the process-
ing of step S107 by the target electrical energy XWtrg
calculated by the processing of step S103. The third cal-
culation unit according to the present invention is imple-
mented by the execution of the processing of step S109
by the ECU 20.

[0066] In step S110, the ECU 20 determines whether
or not the supplied electrical energy ratio Prw calculated
by the processing of step S109 is smaller than the pre-
determined ratio Pthre. As described previously, the pre-
determined ratio Pthre is such a ratio that if the supplied
electrical energy ratio Prw at the specific time is lower
than the predetermined ratio Pthre, it may be determined
that the EHC 2 is abnormal. If an affirmative determina-
tion is made in step S110 (Prw < Pthre), the ECU 20
proceeds to the processing of step S111, where the ECU
20 determines that the EHC 2 is abnormal. If a negative
determination is made in step S110 (Prw > Prthre), the
ECU 20 proceeds to the processing of step S112, where
the ECU 20 determines that the EHC 2 is normal. The
detection unit according to the present invention is im-
plemented by the execution of the processing of steps
S110 through 112 by the ECU 20.

[0067] By performing abnormality detection ofthe EHC
2 by the above-described process according to the flow
chart of Fig. 7, an abnormality of the EHC 2 can be de-
tected with high accuracy, even in the case where the
catalyst carrier 3 of the EHC 2 has NTC characteristics.

<Modifications>

[0068] Inthe above-described embodiment, an abnor-
mality of the EHC 2 is detected by comparing the supplied
electrical energy ratio Prw at the specific time with the
predetermined ratio Pthre. Alternatively, an abnormality
of the EHC 2 may be detected by comparing the differ-
ence between the target electrical energy ZWirg and the
actually supplied electrical energy Wr at a specific time
(which will also be referred to as "electrical energy dif-
ference") with a predetermined value. The reason for this
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is that the difference between the target electrical energy
>Wtrg and the actually supplied electrical energy ZWr at
a specific time is larger when the EHC 2 is abnormal than
when it is normal.

Reference Signs List

[0069]

1: internal combustion engine

3: catalyst carrier

4: case

5: mat member

6: inner cylinder

7: electrode

8: support member

9: through-hole

10:  intake pipe

11:  exhaust pipe

15:  first exhaust gas temperature sensor

16:  second exhaust gas temperature sensor
18:  power supply control unit

20: ECU

31:  exhaust gas purification catalyst

54:  Dbattery

55: PCU

Claims

1. Anabnormality detection apparatus for an electrical-

ly heated catalyst (2) comprising;

an electrically heated catalyst (2) provided in an ex-
haust passage (11) of an internal combustion engine
(1), including an exhaust gas purification catalyst
(31) and a heating element (3) that generates heat
when supplied with electrical power, the electrical
resistance of the heating element (3) being larger
when its temperature is low than when it is high;
an electrical power supply unit (20) configured to ad-
just an applied voltage defined as a voltage applied
to the electrically heated catalyst (2) in such a way
as to make the electrical power as the product of the
applied voltage and a catalyst current defined as the
electrical current flowing through the electrically
heated catalyst (2) per unit time equal to a target
electrical power to be supplied to the electrically
heated catalyst (2) and to adjust the applied voltage
to a voltage substantially equal to a specific upper
limit voltage when the electrical power that can be
supplied to the electrically heated catalyst (2) by ap-
plying a voltage equal to or lower than the specific
upper limit voltage is lower than the target electrical
power;

a first calculation unit (20) configured to calculate an
actually supplied electrical energy defined as the in-
tegrated value of the electrical power actually sup-
plied to the electrically heated catalyst (2) over a spe-

10

15

20

25

30

35

40

45

50

55

1"

cific period from the time when the application of the
applied voltage to the electrically heated catalyst (2)
by the electrical power supply unit (20) is started to
a specific time;

a second calculation unit (20) configured to calculate
a target electrical energy defined as the integrated
value of the target electrical power over the specific
period;

a third calculation unit (20) configured to calculate
an accomplishment ratio parameter relating to the
ratio of the actually supplied electrical energy calcu-
lated by the first calculation unit (20) to the target
electrical energy calculated by the second calcula-
tion unit (20); and

a detection unit (20) configured to detect an abnor-
mality of the electrically heated catalyst (2) on the
basis of the accomplishment ratio parameter calcu-
lated by the third calculation unit (20),

wherein the specifictime is a time after the time when
the application of the applied voltage to the electri-
cally heated catalyst (2) by the electrical power sup-
ply unit (20) is started and before or simultaneous
with the time when the actually supplied electrical
power substantially reaches the target electrical
power.

An abnormality detection apparatus for an electrical-
ly heated catalyst (2) according to claim 1, wherein
the specific time is a time when the actual electrical
power substantially reaches the target electrical
power after the application of the applied voltage to
the electrically heated catalyst (2) by the electrical
power supply unit (20) is started.

An abnormality detection apparatus for an electrical-
ly heated catalyst (2) according to claim 1 or 2,
wherein the third calculation unit (20) calculates a
supplied electrical energy ratio defined as the ratio
of the actually supplied electrical energy calculated
by the first calculation unit (20) to the target electrical
energy calculated by the second calculation unit (20)
as the accomplishment ratio parameter, and the de-
tection unit (20) determines that the electrically heat-
ed catalyst (2) is abnormal if the supplied electrical
energy ratio calculated by the third calculation unit
(20) is lower than a predetermined ratio.
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[Fig. 4]
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[Fig. 5]
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